Research and development in hydroinfomatics can play an important role in environmental impact assessment by integrating physically-based models, data-driven models and other Information and Communication Tools (ICT). An illustration is given in this paper describing the developments around the Soil and Water Assessment Tool (SWAT) to support the implementation of the EU Water Framework Directive. SWAT operates on the river basin scale and includes processes for the assessment of complex diffuse pollution; it is open-source software, which allows for site-specific modifications to the source and easy linkage to other hydroinformatics tools. A crucial step in the world-wide applicability of SWAT was the integration of the model into a GIS environment, allowing for a quick model set-up using digital information on terrain elevation, land use and management, soil properties and weather conditions. Model analysis tools can be integrated with SWAT to assist in the tedious tasks of model calibration, parameter optimisation, sensitivity and uncertainty analysis and allows better understanding of the model before addressing scientific and societal questions. Finally, further linkage of SWAT to ecological assessment tools, Land Use prediction tools and tools for Optimal Experimental Design shows that SWAT can play an important role in multi-disciplinary eco-environmental impact assessment studies. A worldwide increase in consumption of water has led to problems such as water scarcity and water pollution. A decrease in quantity and quality threatens human health and also impacts the environment and aquatic ecology. This awareness has induced more stringent legislation such as the European Water Framework Directive (WFD) (EU 2000). The WFD does not prescribe fixed measures or best practices, but promotes to elaborate a river basin specific planning where the different functions of water bodies, all sources of pollution and an active involvement of all stakeholders are integrated at the river basin scale with targets set for the desired ecological quality. The WFD imposes a planning process that consists of an identification of the system with an impact-effect analysis, the set-up of a programme of measures and the implementation and evaluation of the latter, supported by monitoring programmes for water physico-chemistry and ecology. This process requires the integration, synthesis, analysis and communication of large amounts of information and knowledge on the geophysical, biological, social and economical aspects in order to assist in the decision making process.
particular for river restoration management, there is a need for tools to guide the investments needed to meet the ecological status targeted by the European Water Framework Directive.
In recent years, several practical concepts and software systems have been developed related to environmental decision support, e.g. Rizzoli & Young (1997) ; Paggio et al. (1999) ; Reed et al. (1999) ; Young et al. (2000) ; Booty et al. (2001) ; Lam & Swayne (2001) ; Argent (2004) ; Voinov et al. (2004) . From a technical point of view, one can opt to build a new model for each application or to utilize existing models where possible. The first approach has the benefit of control in the models design and linkage, but requires a long model development period. The second approach saves on development time, but requires additional work to link existing models (Lam et al. 2004 ).
However, when suitable models are already available, it is probably the better option. The use of the linked models can also be a good start to learning what processes are of major importance for the different simulations and which can be neglected. Since watersheds form the physical borders for river basin management, catchment modelling is the most appropriate reference frame for integrated modelling. Even though there exist several catchment tools and models in today's scientific community, their application has focused largely on scientific and not on societal questions. There is a need to simplify some of these tool sets, for example when developing decision support systems. In addition, it is of crucial importance to improve the dissemination of these tools to decision makers and stakeholders by education and training.
About 50 peer-reviewed papers already discussed the application of SWAT on pollution loss studies for a wide range of small to large river basins (Gassman et al. 2005) . Several of these studies refer to the application of SWAT with regard to the US water quality legislation such as for Total Maximum BMW (2004) for the use in integrated modelling assessment. In the latter project, SWAT was successfully evaluated against the qualitative diffuse pollution benchmark criteria for the application of models for the Water Framework Directive, where it received a 'good' classification on 70% of the questions and at no point during the assessment a 'not recommended' for use (Dilks et al. 2003) . SWAT has been applied in Europe for sediment, nitrogen and phosphorous predictions, among many others, in several watersheds in Finland (Grizzetti et al. 2003) , several watersheds in Belgium , in the UK (Dilks et al. 2003) , for large scale applications in Europe (Bouraoui et al. 2005) and on low mountain range catchments in central Germany within the framework of the Joint Research Project SFB299 (Fohrer et al. 2002 .
This paper describes initiatives with the Soil and Water
Assessment Tool (SWAT) (Arnold et al. 1998 ) that were done over the last decade. SWAT appears to be a proper instrument for the assessment and prediction of point and diffuse pollution in river basins (Jayakrishnan et al. 2005) . Since it has an open-source software policy, SWAT has a high level of flexibility for a wide range of applications by allowing the users to do case-specific adaptation to the source code and linking it to other models and modelling tools.
SWAT can be seen as a typical example of a hydroinformatics tool for ecological and environmental impact assessment and decision support (Mynett 2002; Mynett 2004) 
SWAT
SWAT is a conceptual model that operates on a daily time step. The objectives in model development were to predict the impact of management on water, sediment and agricultural chemical yields in large basins. To satisfy these objectives, the model (a) uses readily available inputs for large areas; (b) is computationally efficient to operate on large basins in a reasonable time, and (c) is capable of simulating long periods for computing the effects of management changes.
A command structure is used for routing runoff and chemicals through a watershed similar to the structure for routing flows through streams and reservoirs, adding flows, and inputting measured data on point sources ( Figure 2 
INTEGRATION WITH TOOLS FOR OPTIMISATION AND MODEL ANALYSIS
Due to their complexity, water quality models require specific methods for assessing their structure and predictive accuracy and precision ( Figure 4 ). Any quantitative assessment of water quality models must take into account three salient features of water quality models: (i) the immense number of parameters, (ii) the general lack of data available for model calibration and assessment and (iii) the fact that we know our models are far from perfect and have fundamental problems in simulating complex natural processes. All three of these problems intersect with the additional problem that water quality models are computationally intensive. For that reason, automated methods for model analysis and parameter calibration were designed for the SWAT model (e.g. van 
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A. van Griensven et al. for validation of the model. In both subsets, 50% of the instances were characterized by pike presence. In addition to the presence/absence of pike, seven variables (river characteristics) were available to induce the classification tree model: width, slope, depth, electrical conductivity, dissolved oxygen, pH, and water temperature. The most optimal tree only used five variables to predict the presence/absence of pike ( Figure 5 ).
The reliability of the model was proven by the prediction assessment in the validation dataset. About 71% of the instances was correctly predicted (CCI of 71 and Cohen's Kappa of 0.43). The tree consisted of the following rule set as shown in Figure 5 .
The results of the coupled models showed that long periods in low DO concentration led to below critical values for pike. Pike thus becomes endangered if the water quality (DO) decreases, which is mainly related to algae blooms as a result of nutrient inflow. On top of this the habitat quality is also seen to be very poor in the stem river, since the tributaries contain a very bad water quality. The remaining pike population is based on fish stockings, but when water quality is not improved, these activities seem to be useless.
As such, the coupled models are very useful instruments to find the causes of ecosystem deterioration and also to test the potential effect of different restoration options. As an example, a scheme illustrating the comparison of the effects of different wastewater treatment options is provided in 
Integrated landscape modelling
Landscapes provide a wide range of service applications, comprising distributions of employment, economic income, habitats, water supply, or food production amongst many others (Costanza et al. 1997) . 
The biodiversity models ANIMO and ProF
The spatially explicit landscape model ANIMO (Steiner & Kö hler 2003) , a cellular automaton, quantifies the effect of land use change on regional diversity. The model assumes that each habitat (land use) has its own species inventory depending on environmental, regional and historical constraints. An intrinsic species pool is determined with its portions of habitat generalists and specialists. Single cells interact with neighbouring cells in the way that habitat generalists disperse into surrounding cells, whereas habitat specialists remain static. The number of species in a cell (adiversity) is affected by the species inventory surrounding the cell (habitat dissimilarity, b-diversity). The overall gdiversity of a landscape is the product of a-and b-diversity.
To assess floristic diversity the habitat model ProF (Prognosis of Floristic richness) is applied. ProF is a probabilistic GIS tool that is based on the mosaic concept. It assumes that species richness is determined by habitat variability and heterogeneity and the proportion of natural, semi-natural and anthropogenic vegetation (Waldhardt et al. 2004) .
The heavy metal accumulation soil model ATOMIS 
Optimal experimental design
Optimal sampling design techniques aim at the identification of sampling schemes to improve different aspects of the mathematical modelling process, according to explicitly stated objectives (Dochain & Vanrolleghem 2001; De Pauw & Vanrolleghem 2004) . Vandenberghe et al. (2002) developed a methodology for an Optimal Experimental Design (OED) for water quality variables in a river with the purpose of increasing the precision of the parameters for the water quality module using SWAT.
Different experiments (sampling schemes) will reveal more/ less information and more/less parameter reliability (e.g.
schemes that lack dynamics will provide less information than schemes with more). The method used is the D-optimal experimental design (Goodwin & Payne 1977; Walter & Pronzato 1999) , which is the most general method for minimising the error on all estimated parameters.
In a D-optimal experimental design, the precision of the parameters is assessed by considering the determinant of the inverse of the covariance matrix of the parameter estimates (C) or Fisher Information Matrix (FIM) (Godfrey & Distefano 1985) . the parameter errors -is minimized. D-optimal experiments also have the advantage of being invariant with respect to any scaling of the parameters (Petersen 2000) . An extra aspect to be considered here is that for non-linear models the FIM is parameter dependent. The OED technique thus requires an initial data set to calibrate the model. Nonaccurate parameter estimates may therefore lead to an inefficient experimental layout. This means that for the processes related to the non-accurate parameters better measurements could be identified. The design can only be approached by an iterative process of data collection and design refinement, known as a "sequential design" (Casman et al. 1988) . Figure 9 shows the iterative scheme that is used to find the optimal measurements starting with a model that is calibrated with the currently available data. The different steps are explained in more detail hereafter.
The methodology has been applied for an OED at the uncertainties are corresponding to a lot of samples (as expected), it can be depicted that other sampling schemes could be defined that provide a quasi similar accuracy, with fewer number of samples or at a lower frequency. The application of optimal experimental design for guiding monitoring campaigns can thus point out better monitoring strategies and will eventually make the monitoring more effective with less cost.
CONCLUSIONS AND PERSPECTIVES
SWAT has been successfully applied world wide to address water quantity and quality issues. In general the model (along with useful GIS interfaces to process the readily available inputs) has yielded better watershed science and management.
However the model and its input processing GIS interface tools were only the first step in providing hydroinfomatics tools to decision makers within the context of the WFD. In this paper, SWAT and associated tools have demonstrated to be a useful tool to support the European Water Framework Directive and its explanatory guidance documents: † to do water management at the level of river basin;
SWAT operates on the river basin scale, includes processes for the assessment of the complex diffuse pollution sources and hence is a sound basis as a frame for integrated modelling. However, applications in Europe can also be hampered by difficulties in data availability or the lack of regional databases. Only recently, the development of some European databases has been started . Therefore, an integrated data and modelling tool such as the "BASINS" modelling evironment for the US (Di Luzio et al. 2002) , would be of great necessity. In such a modeling environment several homogenized data on land use, soil properies, climate conditions, river networks, discharges, point sources etc. can be provided and formatted for direct use. Within the European multi-national structure with its different data policies, as well as multifaceted ways of soil and land use classification, one of the main difficulties lies in the data homogenization itself. Also, more developments would enhance external use of the SWAT model results. Important benefits could be obtained from a further integration into an internet interface to allow for web-based simulations or web-based post-processing of the model results. Finally, an open source policy for not only the SWAT model but also for the GIS interface would stimulate further integration with other tools or would offer more flexibilities for case-dependent developments in model codes. In general, it can be concluded that Environmental and Ecological Hydroinformatics tools prove to be quite valuable for implementing the European Water Framework Directive for River Basin Management.
